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The extraordinary ability of indigenous microorganisms, like metal-resistant bacteria, for 
biotransformation of toxic compounds is of considerable interest for the emerging area of 
environmental bioremediation. However, the underlying mechanisms by which metal-
resistant bacteria transform toxic compounds are currently unknown and await 
elucidation. The project’s objective was to study stress-induced responses of metal-
resistant bacteria to environmental changes and chemical stimulants. 

This project involved a multi-institutional collaboration of our LLNL group with the 
group of Dr. H.-Y. Holman (Lawrence Berkeley National Laboratory). In this project, we 
have utilized metal-resistant bacteria Arthrobacter oxydans as a model bacterial system. 
We have utilized atomic force microscopy (AFM) to visualize for the first time at the 
nanometer scale formation of stress-induced structures on bacterial surfaces in response 
to Cr (VI) exposure. We have demonstrated that structure, assembly, and composition of 
these stress-induced structures are dependent on Cr (VI) concentrations. Our AFM 
observations of the appearance and development of stress-induced layers on the surfaces 
of Arthrobacter oxydans bacteria exposed to Cr (VI) were confirmed by Dr. Holman’s 
biochemical, electron microscopy, and synchrotron infrared spectromicroscopy studies. 
In general, in vitro imaging of live microbial and cellular systems represents one of the 
most challenging issues in application of AFM. Various approaches for immobilization of 
bacteria on the substrate for in vitro imaging were tested in this project. Imaging of live 
bacteria was achieved, however further optimization of experimental methods are needed 
for high-resolution visualization of the cellular environmental structural dynamics by 
AFM 

This project enhanced the current insight into molecular architecture, structural and 
environmental variability of bacterial systems. The project partially funded research for 
two book chapters (1,2), and we anticipate one more publication (3). The publications 
describe development of methods and results of studies of structural dynamics of metal-
resistant bacteria that contribute to more comprehensive understanding of the 
architecture, function, and environmental dynamics of bacterial and cellular systems.

The results of this LDRD were presented in invited talks and contributed presentations at 
five national and international conferences and five seminar presentations at the external 
institutions. These included invited talks at the conferences of Gordon Research, 
Materials Research and American Chemical Societies.
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Our scientific results and methodologies developed in this project enabled us to receive 
new funding for the multiyear project “Chromium transformation pathways in metal-
reducing bacteria” funded by the University of California Lab Fees Program ($500,000, 
5/1/09 – 4/30/2012), with our proposal being ranked 1st from a total of 138 in the Earth, 
Energy, Environmental & Space Sciences panel.
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